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Summary
To achieve the objectives of the study, the author collected daily, weekly, andmonthly stock and index prices in order to calculate estimated returns and betavalues. Based on the calculated betas, the stocks were divided into high andlow beta stocks. The two groups were compared through a two-tailed t-test thathighlighted the significance of the difference between the returns of the twogroups of stocks.
Conclusions
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This thesis will begin by providing the background for the study, as well as a description
of the research problem. Following these two sections, the author will explain the
chosen research questions, that will be used to solve the research problem. Finally,
the main objectives of the research will be given, as well as a guide to the structure of
the study, in order to help the reader follow the research paper.
1.1 Background
The stock market, which has evolved into a driving force of the global economy, is a
central part of the financial system. In its core, lies the issue of security pricing. More
specifically, the issue of risk versus reward, arises. Securities that hold a higher degree
of risk should come with a higher level of returns to entice the investor. However,
determining how much excess return a higher level of risk should provide, is not so
clear. To help the investor determine how much they should expect to gain in returns
based on a certain level of risk, asset pricing models have been created. The most
notable of the group, is the Capital Asset Pricing Model (CAPM). It was one of the
earliest asset pricing models that allowed investors to estimate returns based on risk,
while also building upon the ideas of an efficient portfolio. Ever since its first
introduction, the CAPM has remained widely popular, and is still often taught as the
first entry into the field of asset pricing.
Despite its longstanding fame, now reaching almost six decades, the CAPM has also
received its share of criticism. The model proposes a simple linear positive relationship
between risk and return, meaning that as risks increase, so should the expected
returns. This point has been heavily scrutinised, with results both for, and against,
emerging. Although plenty of studies about the validity of the CAPM have been
conducted, findings remain unclear, as time periods, as well as market locations,
provide varying results. Since there is no clear answer to whether the model is valid,
there is room to examine it under new and uncommon market conditions, in an effort
to increase the understanding of how, and when, the model might work. This
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information would prove valuable for both the average investor, as well as the
professional one, as it would help in applying the CAPM when it is at its most useful.
In an effort to increase the amount of literature on the validity of the Capital Asset
Pricing Model, the author will examine the model and its validity under the market
conditions brought along by the Covid-19 pandemic. More specifically, the study will
examine the 20 largest companies in the S&P 100, DAX, FTSE 100, OMX Helsinki 25,
and Nikkei 225, in two periods. The first period, which acts as the control, is between
March 1st, 2019 and December 31st, 2019, as it represents a period before the
pandemic had widespread effects on the global stock markets. The other period, which
examines the CAPM during highest impact that the pandemic had, falls between March
1st, 2020 and December 31st, 2020. By examining and comparing these two periods,
this study will be able to add a meaningful contribution to the pre-existing literature, as
well as provide a significant contribution to the study of the validity of the CAPM. In
addition, this study could add support either for, or against the model’s validity, and
support further studies into the matter.
1.2 Research problem
Due to the popularity and high significance of the CAPM, its validity has been examined
in various markets during a wide selection of time periods, by examining if a positive
linear relationship between risk and returns exists. Most of these studies, however,
have been under normal market conditions. While the CAPM has been examined
under past crises, such as the financial crisis of 2008, at the time of writing, no such
studies have been conducted under the conditions of the Covid-19 pandemic.
Moreover, many of the previous studies have focused on one or two stock markets,
making it difficult to determine the validity of the model on a global scale during a
selected time period. As such, in an effort to reduce the effects of a single market, this
paper examines the validity of the CAPM model during a time of crises on a global
scale. More specifically, it examines whether a significant difference between the
returns of high and low beta stocks exists during the period between March 1st and
December 31st, 2020 in the S&P 100, DAX, FTSE 100, OMX Helsinki 25, and Nikkei
225, and if it is more pronounced than in the control period between March 1st and
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December 31st, 2019. These five indices provide a good selection of some of the
largest companies in the world, while also diversifying the data set into different market
conditions.
1.3 Research questions
To address the aforementioned research problem, the author has derived a set of
research questions. These questions will answer whether a significant difference
between the returns of high and low beta stocks exists. However, due to the control
period before the pandemic, these questions will also answer whether such a
difference exists during normal market conditions. To be able to address these two
topics, this thesis will answer the following four research questions:
1. Do the daily returns of high and low beta stocks differ significantly?
2. Do the weekly returns of high and low beta stocks differ significantly?
3. Do the monthly returns of high and low beta stocks differ significantly?
4. Are the returns of high beta stocks higher during the daily, weekly, and monthly
frequencies, in order to justify the higher risk?
1.4 Research objectives
To be able to answer the above research questions, the five main objectives of this
study are:
1. To review the literature on the topic and present the findings of past studies, in
order to gain an understanding of validity of the model.
2. To select the appropriate methodology and to design a study that will answer
the research questions.
3. To calculate daily, weekly, and monthly returns of the stocks of the 20 largest
companies in the S&P 100, DAX, FTSE 100, OMX Helsinki 25, and Nikkei 225.
4. To divide those companies into two different categories based on their betas.
The categories being high beta stocks and low beta stocks.
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5. To explore whether a significant difference between the returns of high beta
stocks and low beta stocks exists both before and during the pandemic, as a
means of determining if beta is a valid predictor for returns.
1.5 Structure of the study
This thesis is divided into five main sections, with every section further divided into
necessary subsections. The first part is the introduction, which outlines the background
for the research, as well as the research problem, research questions, and the
objective of the research. The second section is the literature review, which explores
past literature on the topic, and introduces the effects of the Covid-19 pandemic on the
stock markets. Following that, the third section will concern the methodology of this
research. In it, the data selection will be clarified, and the research method will be
explained. Furthermore, the third section will present the data analysis, as well as
examine the testing of the hypotheses. After that, in the fourth section, the findings of
the analysis will be presented and examined. Furthermore, the fourth section will
discuss and analyse those findings further. And finally, the fifth section will conclude
and summarize the entirety of the thesis while providing the implications for
international business. In addition, it will also bring forth the limitations of the study, as
well as state the significance of it, and ultimately present the implications for further
studies into the topic.
2. LITEREATURE REVIEW
This literature review examines the Capital Asset Pricing Model (henceforth CAPM)
through a selection of papers that have examined the validity and effectiveness of the
CAPM as a predictor of returns. In addition, the literature review studies the effects of
the Covid-19 pandemic on various stock markets and the validity of the CAPM during




The CAPM is arguably the best-known capital asset pricing model in use. It has been
widely used since it was introduced by Sharpe (1965) and Lintner (1964). Because of
its significance in the field of financial economics, it has even been called a ‘paradigm’
(Dempsey, 2013). The CAPM suggests that there is a positive linear relationship
between risk (specifically systematic risk) and expected returns of a stock. Assuming
that such a relationship is found, investors and financial managers could evaluate
stocks and portfolios with a certain degree of predictability.
However, despite its popularity, the validity of the CAPM has been a point of debate
ever since it was first introduced. Since the model has received a significant degree of
popularity, the number of studies examining its effectiveness is also large. Although
early studies found a positive linear relationship between risk and expected returns
(Black, Jensen & Scholes, 1972; Fama & MacBeth, 1973; Levy, 1974), meaning that
stocks with higher systematic risk (beta) were associated with higher expected returns,
later studies have been unable to report such a clear relationship. Despite the
inconclusive findings, the model is still widely used and taught, and as such, its validity
needs to be further examined, especially during the unprecedented market conditions
that the Covid-19 pandemic has brought with it.
The purpose of this literature review is to introduce the CAPM with a brief overview of
its history, the general assumptions used with it, as well as its formula. In addition, the
arguments for and against the CAPM will be provided. These will be followed by an
examination of the validity of the model in various stock markets through papers that
have studied the model with multiple approaches in both emerging markets, as well as
in broad, well-established ones. After that, a section is dedicated to studying the validity
of the CAPM during the financial crisis of 2008. Furthermore, the general implications,
and effects that the Covid-19 pandemic has had on the stock markets will be examined.
These effects will, too, be viewed from different perspectives and approaches. The
parts after, will introduce a conceptual framework, as well as the hypotheses. Finally,
the literature review will conclude with a summary, in addition to explaining the
significance and purpose of this thesis.
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2.2 Overview of the Capital Asset Pricing Model
In this section of the literature review, the author will present a brief history of the
CAPM, examining its origin and use through the decades. In addition, the general
assumptions needed to use the model are discussed, and the traditional formula is
given and explained.
2.2.1 Brief history of the CAPM
The CAPM was first introduced in the early 60s by Treynor (1961, 1962), Sharpe
(1964), Lintner (1965) and Mossin (1966). Their work was influenced by and based on
earlier work in diversification and portfolio theory by Markowitz (1952). Throughout the
decades and even still today, the CAPM remains popular despite the evidence against
its usefulness and the selection of newer and more accurate asset pricing models. As
Fama and French (2004) write, the attraction of the CAPM lies in its ability to give
‘powerful and intuitively pleasing predictions about how to measure risk and the
relation between expected return and risk.’ The CAPM is also easy to understand
because of its single factor nature and its clear and profound statement about the
relationship between risk and return. As such, the model is still used and taught widely.
2.2.2 General assumptions and the formula
To be able to closely examine the model and understand its use, certain assumptions
related to it need to first be introduced. The CAPM relies on the assumption that asset
prices should not be influenced by all risk associated with them. As such, the risk of an
asset is separated into two categories. The first one, and the one that the CAPM is not
concerned about, is unsystematic, or diversifiable risk. This type of risk, while inherent
to all assets, can be removed in a portfolio with adequate diversification. The second
type of risk is what is known as systematic, or undiversifiable risk. Systematic risk can
also be called market risk, and it assumes that no matter how well a portfolio is
diversified, some risk cannot be removed. The types of risk that fall under the category
of market risk might include pandemics, such as the COVID-19 pandemic, recessions,
or any other type of risk that affects the entire market. This type of undiversifiable risk
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is what the CAPM uses as the one factor to determine return in excess of market
returns.
The CAPM defines market risk with a variable called ‘beta’ (). The beta of a stock is
determined by its movement in relation to the market. Stocks with high betas (>1) are
more volatile on average through a period of time than the general market, and stocks
with low betas (<1), are less volatile on average over a period of time, when compared
with the broader market. Stocks with betas of 1, have, on average, the same level of
volatility as the market as a whole. Since the beta of a stock cannot be diversified
away, the CAPM uses it to determine expected returns. Since the rational investor
minimizes risk where possible, they require a higher rate of return for a higher level of
risk. As such, stocks with high betas should provide a higher rate of return when
compared with low beta stocks.
Furthermore, the CAPM relies on a ‘risk-free’ rate of return that needs to be
established, and which extends to all investors regardless of amount invested (Fama
and French, 2004). The risk-free rate of return is equal to the return of government
bonds. However, there is no universal rate for risk-free return, and depending on the
type of bond used, the rate could be different. For example, some could use the United
States government T-bills as a proxy for the risk-free rate, while others might prefer
longer, 30-year government bonds. As such, the value of the risk-free rate can never
be truly known, and as interest rates change, so will the value of the risk-free rate.
Finally, the CAPM requires a proxy for the return of the overall market. In order to
calculate the risk premium of the market, and the value of the added risk, the expected
return of the overall market needs to be determined. To be able to calculate a
meaningful value for the return of the market, various indices are used. For example,
the S&P 500, or the FTSE 100, could be used for determining the expected return of
the market, and thusly, the risk premium. However, like the risk-free rate of return, the
expected return of the market is never known, as it is constantly changing and differs
depending on the market and index used.
The CAPM formula can be written as:
Rs = Rf + s (RM – Rf)
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Where:
 Rs = expected return of the investment
 Rf = risk-free rate
 s = beta of the investment
 Rm = expected return of the market
 Rm – Rf = risk premium
The CAPM can be interpreted as basing the expected return of the investment on the
positive and equilibrium relationship with the difference between the risk-free rate and
the market return, that is, the risk premium. Furthermore, the formula proposes that
each investment would have an equal expected return, should the beta be the same.
Pham (2017) adds two more hypotheses that need to be taken into consideration when
using the CAPM. The first hypothesis states that markets need to be in equilibrium.
For that to happen, the expected return (or in other words, price) of every asset needs
to be such that investors, together, decide to hold the exact supply of that asset
(Perold, 2004). The other hypothesis that is proposed by Pham (2017) states that
investors’ expectations of returns on assets would increase when an increase in
corporate risk is apparent. This second hypothesis is further supported by the notion
that for the CAPM to work, investors need to be considered as rational. When this
assumption is applied to the formula, it can be deducted that as risk increases, so do
expected returns. Regardless of the riskiness of the asset, the expected return of the
market, as well as the risk-free rate, remain the same, and the only variable that can
be adjusted is the beta. As beta increases, so do the expectations for returns. This
linear relationship between risk and return can furthermore be plotted on a line called
Security Market Line (SML). Assuming that the market is in equilibrium, all assets must
lie on the SML (Perold, 2004).
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Chart 1. The security market line (Pham, 2017)
When the SML of an individual asset is presented graphically, the x-axis represents
systematic risk, or beta, and the y-axis represents the expected return of an asset. The
SML itself represents all the different expected returns that an asset might have
depending on its systematic risk. The slope of the SML indicates the risk premium that
the asset has depending on its beta. At beta 1, which the is the beta for the market,
expected return for the asset, on average, equals the expected return of the market,
or Rm.
2.3 Empirical evidence for and against the CAPM
Due to the popularity of the CAPM, especially in the decades following its introduction,
the model has been tested repeatedly at different times and different markets. The
biggest appeal of the CAPM has always been its simplicity, and because of it, the
model has received significant use. However, the model does face certain limitations
because of how simple it is. The most notable limitation is the one factor nature of it.
The model uses only one variable, beta, when estimating expected returns. This
approach has been scrutinized and disputed, and indeed, most studies have found
that the one factor approach is not accurate enough, especially in periods after 1963.
In response to the lack of validity in the CAPM, new factors were introduced as a
means of better estimating expected returns. Fama and French (1992) combined past
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findings and created, what is now known as the Fama-French 3 Factor Model, as an
expansion to the CAPM. They found that in addition to beta, the size of the firm, as
well as its book-to-market equity, explained cross-sectional returns during the 1963-
1990 period, when the CAPM failed to do so. The 3 Factor Model has since been
further expanded by Fama and French in 2012. Regardless of the low accuracy of the
CAPM, and the use of newer and more accurate models, it is still used as an
introduction to the capital asset pricing field, and as an additional tool for technical
analysis.
In the sections below, the author will provide empirical evidence both for and against
the validity of the CAPM, as measured in different markets throughout the decades
since its inception.
2.3.1 Evidence in support of the CAPM
Black, Jensen and Scholes (1972) were the first to conduct a large-scale study into the
validity of the CAPM in the US stock market. Using a time-series model and selecting
all stocks with at least 24 monthly returns available from the NYSE during the period
from 1926 to 1966, they were able to ‘establish the presence and significance of the
beta factor in explaining security returns’ (Black, Jensen & Scholes, 1972). To gain
further effectiveness to their study, the selected securities were divided into ten
portfolios based on the stocks’ beta. Furthermore, in an effort to eliminate selection
bias, the betas used to divide the stocks into portfolios, were the previous periods
estimations.
Another study on the validity of risk as a predictor of returns was conducted by Fama
and MacBeth (1973). Although they did not specifically test the CAPM, they were
‘unable to reject the hypothesis that average returns on New York Stock Exchange
common stocks reflect the attempts of risk averse investors to hold efficient portfolios.’
Meaning, that on average, they found that there is a positive trade-off between risk and
return, during the period between 1926 and 1968. So, while this particular study did
not specifically test the validity of the CAPM, it still applies to the validity of the model,
as it provides evidence for the positive relationship between risk and return.
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Levy (1974), while not specifically studying the CAPM, discovered a mostly positive
linear relationship between risk and returns. In the study, he divided the 500 selected
NYSE stocks into 10 portfolios, each containing 50 stocks. The portfolios were based
on beta estimations from previous periods, the first portfolio containing the highest beta
stocks, the second containing the second highest betas, and so on. What Levy (1974)
found, was that during the nine-year period between 1962 and 1970, four years
provided a statistically significant positive linear relationship between risk and return.
While two periods were statistically insignificant, only two provided an inverse
relationship between the beta and returns. Furthermore, when the same set of
portfolios were tested only under bull and bear markets, the portfolios performed as
expected during bear markets. These results were statistically significant and
determined that low beta portfolios performed better under bearish market conditions,
experiencing smaller losses than high beta portfolios or the market. For the three
bullish markets, only one year provided a statistically significant result, which further
supported the positive linear relationship between risk and return, with high beta
portfolios outperforming low beta portfolios. While Levy’s (1974) study did not
specifically examine the CAPM, the components of the study were the same. Although
these results were limited by their relatively small sample size, they do provide
evidence for the positive linear relationship between the risk and returns of stocks,
which is what the CAPM relies on.
Thus far, however, all the empirical evidence presented has been from the 70s, and
market conditions, as well as the number of studies examining the CAPM, have
changed. Indeed, most recent studies have been unable to find a relationship between
just risk and returns. However, there are some more recent studies that support the
relationship proposed by the CAPM.
Lam (2001) found a strong correlation between betas and returns in the Hong Kong
stock market. Contradicting the results of previous studies, he found that ‘there is a
strong relationship between positive betas and returns in up markets and also a strong
relationship between negative betas and returns in down markets.’ Lam (2001)
concluded that the CAPM had proved to be a valid equilibrium pricing model in the
Hong Kong stock market.
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Another more recent study examining the validity of the CAPM was conducted by
Ihnatov and Sprincean (2015). They compared the validity of the model in the stock
markets of USA, Poland, and Romania. While they found statistical validity for the
model in all three markets, the sample size was small, with only 10 stocks selected
from the New York and Warsaw exchanges, and only seven being selected from the
Bucharest market in Romania. Contrary to the theory supporting the CAPM, Ihnatov
and Sprincean (2015) found that the highest correlation between the estimated return
of the CAPM and the effective return, was in the NYSE and Nasdaq. For the CAPM to
work, markets would need to provide a certain level of predictability. Since beta from
a previous period is used to predict the future, markets need to be weak form efficient
for patterns and predictability to emerge. The CAPM, which is a tool for technical
analysis, should not work in developed, semi-strong form efficient markets, such as
the NYSE, where prices change randomly to reflect any and all new public information.
However, since any market can display tendencies of weak-form efficiency for a period
of time, it is possible that the US exchanges behaved more like other weak form
efficient markets during the study period.
However, there is also another more recent study that supports the use of beta as a
predictor of expected returns. Pettengill, Sundaram and Mathur (1995) found, contrary
to many previous tests, that a systematic relation between beta and returns exists. The
data for their study came from the CRSP monthly database and extended from 1926
to 1990. While most studies conducted after the periods of 1963 found that beta alone
was not an effective predictor of returns, what Pettengill, Sundaram and Mathur (1995)
found, seems to contradict those findings. Their approach to testing the relation
between beta and returns relied on a positive relation during up markets and a negative
relation during down markets, while other studies usually assumed an always positive
relation between the two. An approach that Pettengill, Sundaram and Mathur (1995)
claim to be ‘biased’.
13
Table 1: Summary of studies in support of the CAPM
2.3.2 Evidence against the CAPM
Most evidence for the validity of the CAPM either comes from the 70s, or from markets
that display weak form efficiency. However, studies into the model and its accuracy
have been conducted regularly and most papers propose new variables to be added
to the basic capital asset pricing model.
Most notably, Fama and French (1992) found that during periods after 1963, the
relationship between beta and returns disappeared. They proposed that two other
variables be used in addition to beta. In their model, now known as the Fama-French
3 Factor Model, the size of the firm, as well as the book-to-market equity, do a superior
job of capturing cross-sectional variation in stock returns when compared with the
CAPM. The Fama-French 3 Factor Model suggests that smaller companies generally
generate higher returns than larger companies, and that companies with higher book-
to-market ratios have improved returns over the market. Adding these factors to the
original CAPM allows for a more accurate representation of expected future returns,
as it considers other factors besides just risk. However, since the Fama-French model
still uses beta as measure, it could be argued that it cannot be completely accurate
either. Since future betas cannot be estimated with certainty, betas from previous
periods are used. Even if the data from the previous periods is reliable, predicting
future returns with past information is always problematic. This problem becomes
especially apparent in developed and semi-strong form efficient markets. Since these
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markets should always reflect all publicly available information, no patterns in stock
prices should emerge. In practice, this means that price changes happen randomly,
and all form of technical analysis is useless.
Nevertheless, in support of the findings of Fama and French (1992), Miles and
Timmermann (1996) found that size, as well as book-to-market ratios, systematically
helped explain subsequent excess returns in the UK markets. In their study they used
data from the Extel company accounts and from the London Business School share
price data tapes. From these sets of data, they were able to construct a set of 477
companies excluding all financial companies, reporting in all financial years between
1975 and 1990. Although Miles and Timmermann (1996) were able to find a
relationship between company size, book-to-market ratio, and the expected returns,
they were unable to answer why these aspects of a company were a better measure
of risk than beta.
Before the seminal paper by Fama and French (1992), Banz (1981) did his own study
on the significance of company size on the expected returns. He found that ‘the CAPM
is mis specified’ and that small companies generally had much higher risk-adjusted
returns than large companies on the NYSE. However, while his findings, which were
found from a sample of all common stocks on the NYSE that were quoted for at least
five years during 1926 - 1975, were significant, he was unable to explain why such an
effect exists. Banz (1981) writes, ‘There is no theoretical foundation for such an effect.’
Despite the uncertainty surrounding the reason for the size effect, the findings were of
such magnitude that they undermine the use of only beta as a predictor of returns, and
have since been adopted into the Fama-French model.
Furthermore, two years later, Basu (1983) found that during the period between 1963
and 1980, returns on the common stock of NYSE were related to both size and the
company’s earnings yield. His findings indicated that stocks with a higher earnings
yield (E/P) tended to earn higher risk-adjusted returns than companies with lower E/P.
He, like Banz (1981) before him, found that smaller companies generally earned
significantly higher returns than large companies, but he also found that the size effect
became practically of no importance ‘when returns were controlled for differences in
risk and E/P ratios.’
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Results from other, less developed markets than the NYSE, further support the
conclusion that the validity of the CAPM is weak. Dajcman, Festic and Kavkler (2013)
recently found that the validity of the CAPM in the Slovenian, Hungarian and Czech
Republican markets was weak. These findings indicate that even in smaller, younger
markets, where market efficiency might be lower and trends might emerge, the CAPM
is not an accurate model for predicting expected returns. The data for the study came
from the LJSEX index for Slovenia, BUX for Hungary and PX for the Czech Republic,
and the observations began in 2002, 1997 and 1995, respectively, and ended in 2010.
Despite all the evidence for and against the CAPM, it is often the first model taught for
asset pricing because it is easy to understand and conceptualize. As Fama and French
(2004) note, the CAPM is a ‘theoretical tour de force’ and is often used as an
introduction to concepts of portfolio theory. However, despite the easy access and
ease of use, the CAPM does face empirical uncertainty. Although there is old and new
research attempting to conclusively determine the validity of the model, results on both
sides keep appearing. Because of the lack of a clear answer, the use of the CAPM in
application should be approached with caution, and results from it should, at most, be
used in conjunction with other models of fundamental and technical analysis.
Table 2: Summary of studies with evidence against the CAPM
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2.4 CAPM during the financial crisis of 2008
To have a better understanding of how the CAPM has performed during previous one-
off events affecting the entire market, a brief introduction to the validity of the model
during the 2008 subprime mortgage crisis will be provided.
Fatnassi and Hasnaoui (2014) found that the mean beta in such industries as
consumer staples, energy, financials, IT, and telecom services rose during the crisis
period between August 2007 and February 2009 in the US. The financial sector, in
particular, experienced a significant increase in systematic risk, averaging a beta of
around 1.6 during the crisis period, an increase of about 0.6 from the pre-crisis period.
Interestingly, the highest expected returns during the August 2007 and February 2009
period came from the consumer discretionary and health care industries, which both
saw their betas decline during the crisis period. These findings would indicate that the
CAPM is of little value during a one-off event. If industries with decreasing systematic
risk report highest expected returns, the foundational principle of the model (higher risk
equals higher return) is reversed. Assuming that similar trends emerge from the Covid-
19 pandemic, the findings of Fatnassi and Hasnaoui (2014) would receive further
support.
Similarly, Curran and Velic (2020) found that at shorter time horizons, during periods
of high volatility, the positive relation between risk and reward can ‘collapse’. Indeed,
through their data set which covered over 80 countries, they found that during the five-
year period before the 2008 crisis, between 2003 and 2007, the correlation between
systematic risk and returns was positive and high, with a rank correlation of 0.60.
However, during the recessionary, crisis period between 2008 and 2012, the relation
turned negative with a rank correlation of -0.27. Further evidence for the inverse
relation between systematic risk and returns as a result of periods of high volatility, is
provided by the returning positive relation during the period between 2013 and 2017.
Like Fatnassi and Hasnaoui (2014), Curran and Velic (2020) provide evidence against
the validity of the CAPM during one-off events, such as the 2008 subprime mortgage
crisis.
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2.5 Effects of the Covid-19 pandemic on stock markets
The goal of this thesis is to examine the validity of the CAPM during a time of extremely
rare market conditions. The Covid-19 pandemic has affected all stock markets around
the world, and its effects have forced the markets into an unprecedented environment.
Since the validity of the CAPM will be examined both during a period before the
pandemic, and a period during the pandemic, a closer look at what the implications of
Covid-19 to the markets has been, is needed. As such, the discussion below will
examine the effects of the Covid-19 pandemic on stock markets.
The Covid-19 pandemic began in China during December 2019. While the pandemic
had already started to spread throughout the world, the implications of it became
evident in the stock markets towards the end of February 2020. Using the S&P 500 as
an example, the first significant decrease began on February 24th and continued until
the 28th. Interestingly, after the 12% drop experienced during those four days, the index
bounced slightly up, until March 4th, after which the most significant decrease in value
started. From the 4th up until the 23rd, the S&P 500 saw a 25% decrease in value.
However, despite the magnitude of the pandemic, stock indices quickly started to climb
afterwards. Indeed, by early September, the S&P 500 had already climbed 60%,
despite the pandemic still infecting more and more people.
In their study of the impacts of Covid-19 on 20 leading indices, Sinha, Jalan and Singh
(2020) examined the effects of the pandemic during four different periods. The first
period, defined as the normal period, acted as a control for the periods near and during
the pandemic. It stretched from January 1st, 2019 to December 30th, 2019. During the
pre-pandemic period, the 20 indices all recorded positive mean returns, ranging from
0.01% a day in the SETI index, to 0.12% in NZX 50. However, during the pre-event
window (February 25th, 2020 – March 11th, 2020) and the post-event window (March
12th, 2020 – March 26th, 2020), nearly all indices experienced negative mean returns.
In fact, during the pre-event window, all indices saw negative returns, indicating a quick
reaction from the stock markets. This pre-event window examined how the markets
reacted before the pandemic was officially declared as such by the WHO. However,
already in the post-event window, some indices, such as the CAC 40, UK FTSE 100,
S68.SI and IMOEX.ME, experienced positive mean returns. Supporting the idea that
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stock markets react quickly and fully to news, in the long-term post-event window
(March 12th, 2020 – June 12th, 2020), almost all indices were already reporting positive
mean returns. In fact, only the SSE composite, NSEI, S68.SI and MXX, posted
negative mean daily returns.
Zhang, Hu, and Ji (2020) explored the risk of the stock markets in the nine countries
with the highest number of infections together with Japan, Korea, and Singapore, in
the form of standard deviation. The average standard deviation between the countries
increased from 0.0071 in February, to 0.0196 in March. The outlier of the group was
China, which moved from having the highest standard deviation in February 2020, to
having the lowest in March 2020. The other 11 countries saw an increase in standard
deviation in daily returns. Since China was the first country to experience the
pandemic, and dealt with it with the most aggressive approach, it is apparent why it
was the only country to experience a decline in stock market risk during March.
Furthermore, Khan, Zhao, Zhang et al. (2020) found that growth in weekly Covid-19
cases had a negative impact on returns during the subsequent week. They also
discovered that during the early stages of the pandemic, stock markets had a very
subdued reaction to it, and did, in fact, perform even better than during the normal
period.
2.6 Hypotheses
Based on the discussion above, about the validity of the CAPM, as well as the general
impacts that the Covid-19 pandemic has had on the stock markets, the following
empirical study will attempt to find an answer to the hypotheses presented below:
The first three hypotheses answer the question about the validity of the CAPM during
normal market conditions. The assumption, and thus the null hypothesis, is that the
daily, weekly, and monthly returns are not significantly different, as supported by the
findings of Banz (1981), Basu (1983), Fama and French (1992), Miles and
Timmermann (1996), and Dajcman, Festic and Kavkler (2013).
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H01: The daily returns of high and low beta stocks are not significantly different in the
control period from March 1st, 2019 to December 31st, 2019.
H1: The daily returns of high and low beta stocks are significantly different in the control
period from March 1st, 2019 to December 31st, 2019.
H02: The weekly returns of high and low beta stocks are not significantly different in the
control period from March 1st, 2019 to December 31st, 2019.
H2: The weekly returns of high and low beta stocks are significantly different in the
control period from March 1st, 2019 to December 31st, 2019.
H03: The monthly returns of high and low beta stocks are not significantly different in
the control period from March 1st, 2019 to December 31st, 2019.
H3: The monthly returns of high and low beta stocks are significantly different in the
control period from March 1st, 2019 to December 31st, 2019.
The next three hypotheses answer the question about the validity of the CAPM during
unusual and rare market conditions, in this case, the Covid-19 pandemic. The null
hypotheses, as supported by Fatnassi and Hasnaoui (2014) and Curran and Velic
(2020), is that the returns of high and low beta stocks are not significantly different
during the pandemic period.
H04: The daily returns of high and low beta stocks are not significantly different in the
pandemic period from March 1st, 2020 to December 31st, 2020.
H4: The daily returns of high and low beta stocks are significantly different in the
pandemic period from March 1st, 2020 to December 31st, 2020.
H05: The weekly returns of high and low beta stocks are not significantly different in the
pandemic period from March 1st, 2020 to December 31st, 2020.
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H5: The weekly returns of high and low beta stocks are significantly different in the
pandemic period from March 1st, 2020 to December 31st, 2020.
H06: The monthly returns of high and low beta stocks are not significantly different in
the pandemic period from March 1st, 2020 to December 31st, 2020.
H6: The monthly returns of high and low beta stocks are significantly different in the
pandemic period from March 1st, 2020 to December 31st, 2020.
2.7 Conceptual framework
To conceptualize the goal of this study, the conceptual framework will explain the
relationship between risk and return. Furthermore, it will act as a guide for the research
into the question of whether the CAPM is valid as a model for asset pricing during a
time of crisis. Since the research will revolve around calculating expected returns
based on historical data and approximating a beta value, understanding the CAPM,
and the relationship between risk and return, is of high importance, as it provides a
way of examining if a positive linear relationship between risk and return exists.
As such, the conceptual framework will display the research goal in a simple and easy
to understand way, while also presenting the relationship between the expected return
of the investment and its beta, as well as providing a clear differentiation between the
two periods examined.
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Chart 2. Conceptual framework on the CAPM (Airinen, 2020)
2.8 Conclusion
The purpose of this literature review has been to outline and to give a general
understanding of the Capital Asset Pricing Model, its strengths, and weaknesses, as
well as its role in the financial field. Furthermore, this literature review has attempted
to provide an outlook into the past studies about the model and its validity.
While the CAPM has been, and still is, central in capital asset pricing and estimations
of return, it is not without its problems. Due to its simplistic nature and ease of use, the
model has enjoyed popularity since its inception. It is still used alongside other
methods and models, and it is often the first touch that finance students get into the
asset pricing models and efficient portfolio theory. However, despite having found early
success in empirical tests, it has since been subjected to a number of tests that have
been unable to confirm its validity. As a model that is built upon the idea that beta alone
can predict future returns, it has received updates and iterations that have added
further elements to it, in an attempt to create a more accurate model. While most
studies into the validity of the CAPM have been conducted in the US stock markets,
studies in smaller and less developed markets have also been done. Interestingly,
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regardless of the market conditions, the validity of the CAPM has received both support
and arguments against it. Although the literature presented above does slightly favour
the evidence for the validity of the model, it should be noted that most of the studies
arguing in favour of the CAPM, examined stock markets before the period of 1963.
However, most studies after 1963 have been unable to find support for the positive
linear relationship between risk and return.
So far, there have been no studies about the validity of the CAPM during the Covid-19
pandemic. Since the market conditions created by the pandemic are extremely rare
and unique, there is a possibility to examine if the model is valid during such market
conditions. Past studies of systematic risk and returns during times of crisis, in
particular the financial crisis of 2008, provide an insight into how the CAPM might
behave during the Covid-19 pandemic. If those findings remain true, the validity of the
model during one-off events would be in question. As such, the following thesis will
examine the relationship between systematic risk and returns during two periods. More
specifically, the validity of the CAPM will be examined through a comparison between
a period before the pandemic and one during it, by testing for a difference between the
daily, weekly, and monthly returns of high and low beta stocks. Since pandemics, or
any other unforeseeable disasters that concern the whole world, are so rare, this
situation provides a possibility to examine how unusual market conditions impact the
validity of the model. Hopefully, this empirical test will provide an answer about the
validity of the model during normal market conditions, but also during times of high
volatility and uncertainty. The research will provide benefits to investors looking to use
the CAPM as a means of evaluating stocks and efficient portfolios, as well as giving
other researchers a further view into the validity of the model.
3. METHODOLOGY
This chapter is made in order to clarify and give more insight into the process of
addressing the hypotheses. It will include sections that discuss the selected time
periods, the selected stocks, the sources for the financial data, as well as the
benchmarks that individual stock returns will be compared to. Following that, this
chapter will introduce some of the most common methods when examining the validity
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of the CAPM. In addition, the method of this research, the two-tailed t-test, will be
discussed. Finally, the chapter will conclude with the data analysis.
3.1 Data selection
The following sections will introduce the selected periods in more detail and explain
the reasoning behind the selection, the selected stocks, the sources for the data, as
well as the benchmarks that the returns will be compared to, in order to calculate the
estimated betas.
3.1.1 Selected periods
The purpose of this study is to examine the validity of the CAPM on a global scale
during a time of crises. The selected crisis is the Covid-19 pandemic, that affected
stock markets globally. To be able to determine not only the validity of the model during
such a rare market circumstance, but to also determine if the model performed better
under such conditions, a control period under normal market conditions has also been
selected. The period under the pandemic is from March 1st to December 31st, 2020.
When examining the effects of the 2008 financial crisis, Fatnassi and Hasnaoui (2014)
also used a relatively short period of time for the crisis period. Like this study, they did
so in order to effectively compare the effects of the period of increased volatility, with
normal market conditions. Furthermore, the reasoning behind this particular period of
time comes from the effects of the pandemic on most stock markets. While Covid-19
had already started in China in late 2019, the most significant effects on most stock
markets came in early March in 2020. As such, the selected period encompasses both
the drastic drop that most stock markets experienced, as well as the rapid rise that
took place during the remaining year. In an effort to produce a fair comparison between
the pandemic period and the control period, the control period is between March 1st
and December 31st, 2019. This is done in an effort reduce the effect of market
anomalies, such as the January effect, or any others that might be tied into a certain
period of time. Sinha, Jalan and Singh (2020), used a similar control period in their
study of the effects of the Covid-19 pandemic on stock markets, expanding from
January 1st, 2020, to December 30th, 2020. Using two periods that encompass the
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same length and time of year, should lead to more accurate and meaningful results.
Furthermore, due to the scope and time limitations of the study, the data set for the
control period has been limited.
3.1.2 Selected stocks
In order to gain a global understanding of the validity of the CAPM, five countries and
indices were selected. They include the S&P 100 in the United States, the DAX in
Germany, the FTSE 100 in the United Kingdom, the OMX Helsinki 25 in Finland, and
the Nikkei 225 in Japan. While the OMX Helsinki 25 does not provide results for a
globally significant market, it does explain how the pandemic affects the validity of the
CAPM in a smaller market. In addition to providing a global outlook into the validity of
the model, this selection of indices also encompasses countries with a varying level of
success in their response to the Covid-19 pandemic (McKenzie and Adams, 2020).
Furthermore, this selection could alleviate the effects of other significant events, such
as the Brexit in the UK, or the presidential election in the US, by combining the
companies in their respective markets with the other indices.
From each of the indices mentioned, the author selected the 20 largest companies by
market capitalization. One of the reasons for selecting 20 companies from each index
was the structure of the indices themselves. All but the Nikkei 225 are market
capitalization weighted. As such, the 20 largest companies by market capitalization,
are also the most significant parts of the index. Furthermore, the DAX and the OMX
Helsinki 25 only have 30 and 25 companies in them, respectively. As such, the 20
selected companies provide a comprehensive explanation of the index, and as such,
market returns. In addition, the number of selected companies was limited to 20 due
to the time restrictions of the study. The selected companies also provide a wide
selection of industries represented, giving a better understanding of the model and its
validity while minimising the effects of certain industries performing better than others.
In order to calculate the daily, weekly, and monthly returns, historical prices for each
stock were collected from https://finance.yahoo.com, and the calculated returns were
used to test the hypotheses.
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Table 3: The 20 largest stocks from the S&P 100, DAX, FTSE 100, OMX Helsinki 25, and
Nikkei 225.
3.1.3 Selected financial data sources
This thesis is based on secondary data, which was acquired from
https://finance.yahoo.com. From there, adjusted returns were collected for each
selected stock, and from those values, the actual returns were calculated. The
computed values were used in the simple linear regression alongside the returns of
the benchmark indices to arrive at the beta for each stock in both the control and
pandemic period, in all three frequencies (daily, weekly, and monthly).
3.1.4 Selected benchmark indices
In order to test the validity of the CAPM model, one of its elements needs to be
determined. Without the proxy for the return of the market, the model would not work,
and thus, the validity of the model could not be tested. As such, to be able to compute
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the betas of the stocks, proxies for market returns need to be determined. Typically, a
stock index acts as a proxy for the market, as it is indicative of the performance of a
large selection of stocks and industries. Since this study examines five different
markets in order to determine the validity of the CAPM, five proxies have been
selected. When examining the validity of the CAPM in the Vietnamese stock market,
Pham (2017), similarly, used two market proxies for the two stock indices that were
used. Furthermore, Dajcman, Festic and Kavkler (2011) use a similar method, using
three indices as proxies for each market portfolio. The five selected indices for this
study are the S&P 100 for the US stock market, the DAX for the German stock market,
the FTSE 100 for the UK stock market, the OMX Helsinki 25 for the Finnish stock
market, and the Nikkei 225 for the Japanese stock market. Each selected index
provides a wide selection of industries and stocks in their respective markets and, as
such, provides a meaningful comparison between the individual stocks and the market
as a whole. The returns of each of the 20 stocks in each index will be compared to
their respective proxy, and by using simple linear regression their betas will be
calculated.
3.2 Research method
This sub-chapter will provide a cohesive view of the structure of the research and the
methodology used to determine the validity of the Capital Asset Pricing Model both in
the control period prior to the pandemic, as well as the period during the pandemic.
The following step by step explanation of the process should help the reader better
follow the research.
Using previous literature as a basis, simple linear regression is used to determine the
betas of each stock for daily, weekly, and monthly data in the control period, as well
as in the pandemic period. The betas are calculated using simple linear regression, as
it also provides the statistical significance of the calculated beta values. Furthermore,
in order to determine if there is a significant difference between low and high beta
stocks, a two-tailed t-test is used to determine the significance of the difference, as
well as the direction of it.
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 Step 1: Collect daily, weekly, and monthly historical prices for the 100 selected
stocks during the control period between March 1st, 2019 and December 31st,
2019, as well as during the pandemic period between March 1st, 2020 and
December 31st, 2020.
 Step 2: Estimate the daily, weekly, and monthly rates of return for each stock in
both periods by calculating the logarithmic return in Excel.
 Step 3: Calculate daily, weekly, and monthly betas for each stock in both periods
using simple linear regression in Excel.
 Step4: Separate high beta stocks and low beta stocks into their own groups for
daily, weekly, and monthly returns, in both periods.
 Step 5: Estimate the difference between high and low beta stocks, as well as
the direction of it, by using the two-tailed t-test in Excel.
 Step 6: Test the hypotheses.
3.3 Data analysis
The following sub-chapters will provide a more detailed explanation of the methods
used to determine the estimated returns, as well as the betas.
3.3.1 Return estimations
The daily, weekly, and monthly returns for each stock were calculated by using the
logarithmic return. This was done due to the nature of the stock and index returns.
These returns are, in theory, infinite and continuous, and as such, the logarithmic
return, which compounds returns continuously, was used. Furthermore, the logarithmic
return is symmetrical, meaning that gains and losses are equally weighted. Simple
returns, while easier to calculate and interpret, are asymmetrical, meaning that gains
have a heavier weight than losses. Thus, logarithmic returns are more accurate.
Rs, t = ln (Ps, t+1 / Ps, t) (1)
28
Where:
Rs, t : the daily/weekly/monthly return of the stock in day/week/month t
Ps, t+1 : the price of the stock in day/week/month t+1
Ps, t : the price of the stock in day/week/month t
Similarly, to calculate the returns of the indices, meaning proxies for the market, the
same formula was used with slight changes to the variables:
Rm, t = ln (Pm, t+1 / Pm, t) (2)
Where:
Rm, t : the daily/weekly/monthly return of the index in day/week/month t
Pm, t+1 : the price of the index in day/week/month t+1
Pm, t : the price of the index in day/week/month t
3.3.2 Beta estimations
To calculate the estimated beta of each stock from daily, weekly, and monthly data for
both the control period and the pandemic period, simple linear regression through
Excel is used. The estimated returns of the stock are used as the input for the y range,
and the estimated returns of the index are used as the x range. A 95% confidence level
is used to determine and select beta values that can be estimated with statistical
significance. The coefficient of the x variable tells the slope of the equation and, in this
case, the beta of the stock. Only betas with a p-value of less than 0.05 were used. This
was done in an effort to further increase the significance of the findings. By limiting the
betas to only those that were statistically significant, the results of the t-tests can be
interpreted with a higher degree of confidence. As such, high or low betas with a p-
value of less than 0.05, were omitted from the data used for the t-tests.
To separate the betas into high and low beta stocks, high beta stocks were considered
as having betas equal or higher than 1.50, and low beta stocks were considered as
having betas equal or lower than 0.80. Levy (1974), in his study of the validity of the
CAPM, ranked betas of the selected stocks into 10 deciles. Using the data from his
study, stocks with a beta equal or less than 0.80 make up about 30% of the selected
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stocks, while stocks with a beta equal or higher than 1.50 make up about 20%. As
such, defining high and low beta stocks in this way, should result in a relatively large
data set, while also providing significant differences to the market returns. High beta
stocks being 50% more volatile, and low beta stocks being 20% less volatile, than the
market.
3.4 Testing hypotheses
In order to test the hypotheses, a two-tailed t-test assuming unequal variances
between the average daily/weekly/monthly returns of high beta stocks (variable 1) and
the average daily/weekly/monthly returns of low beta stocks (variable 2) was
conducted. The two-tailed t-tests were done for both the control period, and the
pandemic period. The two-tailed t-test was used as it explains the amount of difference
between the two variables used. Since the CAPM states that for an increased level of
risk, beta, the investor should expect a higher level of returns, determining whether a
significant level of difference between the returns of high and low beta stocks exists,
explains if the CAPM is valid. Assuming that there is a significant degree of difference
between the returns of high and low beta stocks, then the idea that a higher beta
introduces more volatility holds true, volatility measured as the standard deviation of
individual stock returns. Moreover, assuming that the betas are positive and higher
than the market beta of 1, these stocks should experience higher returns than stocks
with betas less than 1, when market conditions are bullish.
The two-tailed t-tests assuming unequal variance are done through Excel and to
determine if the results are significant, the absolute value of the t-stat should be higher
than the value of the t critical for one tail. However, while the results can be statistically
significant with a negative t-stat value, in order to support the hypothesis of the CAPM,
that a higher beta and a higher level of risk equals higher returns, the t-stat value
should be a positive one, as it would indicate that the average returns of high beta
stocks have been higher than those of low beta stocks. During market downturns it is
possible that low beta stocks experience higher returns as they are less volatile, and
as such, the t-stat could be negative and still support the theory behind the CAPM. For
the selected research periods, however, the t-stat value should be positive, as both
30
periods were dominated by a positive trend in the markets, apart from the significant
downturn in the beginning of the pandemic period.
The hypotheses of the research are as follows:
H1: The daily returns of high and low beta stocks are significantly different in the control
period from March 1st, 2019 to December 31st, 2019.
H2: The weekly returns of high and low beta stocks are significantly different in the
control period from March 1st, 2019 to December 31st, 2019.
H3: The monthly returns of high and low beta stocks are significantly different in the
control period from March 1st, 2019 to December 31st, 2019.
H4: The daily returns of high and low beta stocks are significantly different in the
pandemic period from March 1st, 2020 to December 31st, 2020.
H5: The weekly returns of high and low beta stocks are significantly different in the
pandemic period from March 1st, 2020 to December 31st, 2020.
H6: The monthly returns of high and low beta stocks are significantly different in the
pandemic period from March 1st, 2020 to December 31st, 2020.
3.5 Assumptions and limitations of the t-test
When using the t-test, certain assumptions need to be made. The t-test assumes that
the data is from a random sample. In the case of this study, this holds true, to an extent,
as the selected companies, and indices, are a representative sample of the total
population. However, it should be noted that the companies in each index were
selected by their market capitalization, thus making the selection not truly random. The
t-test also assumes that the data has a normal distribution when plotted. Furthermore,
the data set is assumed to be large, as it can be assumed that when the size of the
data set increases, the distribution approaches a normal distribution. The original data
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set consisted of 100 companies in two periods, during three time-frequencies.
However, it was reduced due to the use of returns of companies with statistically
significant betas. Nonetheless, the data set remains relatively large, indicating that it
is moving towards a normal distribution.
The most significant limitation of the t-test is the loss in degrees of freedom. As the
degrees of freedom decrease, the required t-stat to produce statistically significant
results increases. This limitation is particularly relevant for this study, as the two-tailed
t-test assuming unequal variances is used. When assuming unequal variances, the
variances will increase, leading to a lower degree of freedom when compared with a
two-tailed t-test assuming equal variances.
The assumptions and limitations are summarized below:
 Sample needs to be random, and representative of the total population
 Data has a normal distribution when plotted
 Data set is large, as it can be assumed that when the size of the data set
increases, it moves towards a normal distribution
 Lower degrees of freedom, leading into a higher required t-stat
4. FINDINGS
This section of the thesis will present the findings of the research. It will begin by
presenting the estimated rates of return of the individual stocks for daily, weekly, and
monthly frequencies. It will then proceed to display the estimated beta values of
individual stocks for the three time-frequencies. Another sub-chapter is dedicated to
presenting the companies that had beta values either equal or higher than 1.50, or
equal or lower than 0.80, that were also statistically significant. Ultimately, this chapter
will conclude with an examination of the two-tailed t-tests that were done for the
applicable companies for daily, weekly, and monthly frequencies.
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4.1 Rates of return for individual stocks
The following sections will display the calculated estimated returns for the individual
stocks traded on the S&P 100, DAX, FTSE 100, OMX Helsinki 25, and Nikkei 225 for
the daily, weekly, and monthly frequencies.
4.1.1 Daily rates of return
Table 4: Daily average rates of return for the 100 stocks traded on the S&P 100, DAX, FTSE
100, OMX Helsinki 25 and Nikkei 225 for both the control period and the pandemic period.
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From Table 4, it becomes clear that during both periods most stocks had positive daily
average returns. This is important to note since it is indicative of the general
performance of the markets, as these companies are the largest in their respective
indices. This finding explains what the expectation for the two-tailed t-test should be.
Since most returns are positive, high beta stocks should experience higher positive
returns than low beta stocks.
4.1.2 Weekly rates of return
Table 5: Weekly average rates of return for the 100 stocks traded on the S&P 100, DAX, FTSE
100, OMX Helsinki 25 and Nikkei 225 for both the control period and the pandemic period.
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Similarly, to Table 4, Table 5 indicates that an even higher number of stocks had
positive returns during both periods. As such, the two-tailed t-tests for the weekly
returns should provide a positive t-stat to support the CAPM.
4.1.3 Monthly rates of return
Table 6: Monthly average rates of return for the 100 stocks traded on the S&P 100, DAX,




Finally, Table 6 provides a very similar insight into the estimated returns of the
individual stocks. Like the daily and weekly frequencies, the monthly data also
suggests that nearly all companies had positive returns during both periods. As such,
the two-tailed t-tests should present a positive t-stat in order to support the validity of
the CAPM.
4.2 Estimated betas for individual stocks
The following section will display the beta estimations for each individual stock in the
S&P 100, DAX, FTSE 100, OMX Helsinki 25 and Nikkei 225 in both the control period,
as well as the pandemic period for daily, weekly, and monthly frequencies. The beta
values were calculated by doing a regression analysis of the estimated returns of the
stocks and the estimated returns of their respective indices.
4.2.1 Daily beta values
Table 7: Daily beta values for the 100 stocks traded on the S&P 100, DAX, FTSE 100, OMX
Helsinki 25 and Nikkei 225 for both the control period and the pandemic period.
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Table 7 provides a useful look into the directionality of the beta values. What is notable
for the daily beta values is that there are no negative betas. This indicates that high
beta stocks should, on the daily frequency, always move in the same direction with the
index. For this research, the information provided by the beta table is useful as it states
that on a daily level, both during the control period and the pandemic period, the high
beta stocks should outperform the low beta stocks, assuming that the CAPM is valid.
4.2.2 Weekly beta values
Table 8: Weekly beta values for the 100 stocks traded on the S&P 100, DAX, FTSE 100, OMX
Helsinki 25 and Nikkei 225 for both the control period and the pandemic period.
41
Unlike the only positive beta values in Table 7, Table 8 does provide a few examples
of individual stocks that have negative beta values. However, the number of negative
betas is very low, and as such, it can be assumed that most stocks still behave similarly
to the market that they are being compared to. Interestingly for this research, those
stocks that have negative betas only have them in the control period. Moving into the
pandemic period, every individual stock has a positive beta. This indicates that under
a time of financial crisis, the individual stocks and markets move more in line with each
other. It also means that the two-tailed t-test should provide more uniform results as
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all average returns should be positive, since the returns for daily, weekly, and monthly
frequencies were almost entirely positive.
4.2.3 Monthly beta values
Table 9: Monthly beta values for the 100 stocks traded on the S&P 100, DAX, FTSE 100, OMX
Helsinki 25 and Nikkei 225 for both the control period and the pandemic period.
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Finally, Table 9 indicates that the weekly and monthly beta values are relatively similar.
While some individual stocks have negative betas in the control period, the general
direction of the individual stocks is the same as their respective markets. Furthermore,
like the weekly data, the monthly data also further confirms that during the pandemic
period, the correlation between the stocks and the markets is stronger, with all the
negative betas changing into positive ones.
4.3 Selected stocks with statistically significant high and low beta values
Since this research tests the validity of the CAPM through a comparison between the
returns of low beta and high beta stocks, using beta values that are statistically
significant adds a higher degree of confidence to the results. As such, out of the 100
individual stocks, only those that had statistically significant betas equal or higher than
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1.50 or equal or lower than 0.80, were used in the two-tailed t-tests. To have a better
understanding of the selected stocks and of the ratio between high and low betas, the
individual stocks that fulfilled the aforementioned criteria are presented in the tables
below, with high beta stocks highlighted in yellow.
4.3.1 Selected stocks for the daily frequency
Table 10: The selected stocks from the S&P 100, DAX, FTSE 100, OMX Helsinki 25 and Nikkei
225, and their daily average returns and betas for the control period.
Table 10 clearly shows one of the problems of using daily data. On a daily level the
volatility of individual stocks is, on average, so small, that most stocks end up with low
beta values. In fact, for the control period, only four stocks had betas higher than 1.50.
This means that when doing the two-tailed t-test, the data is heavily skewed towards
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the returns of the low beta stocks, as they make up such a significant portion of the
data set.
Table 11: The selected stocks from the S&P 100, DAX, FTSE 100, OMX Helsinki 25 and Nikkei
225, and their daily average returns and betas for the pandemic period.
Table 11 has the same problem as Table 10. Using daily data means that most
individual stocks have a low beta value. While there are seven high beta stocks instead
of the four, the data is still heavily skewed towards the returns of the low beta stocks,
and as such, the results of the t-test will also be skewed.
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4.3.2 Selected stocks for the weekly frequency
Table 12: The selected stocks from the S&P 100, DAX, FTSE 100, OMX Helsinki 25 and Nikkei
225, and their weekly average returns and betas for the control period.
Table 12 gives a much better ratio between high and low beta stocks. The high beta
stocks make up around 48.7% of the data set, and as such, the results of the two-tailed
t-test should provide a meaningful and statistically significant result.
Table 13: The selected stocks from the S&P 100, DAX, FTSE 100, OMX Helsinki 25 and Nikkei
225, and their weekly average returns and betas for the pandemic period.
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Table 13 also has a better ratio of high beta stocks. However, the pandemic period did
not have as many high beta stocks as the control period did. In fact, only around 26%
of the data set consists of stocks with betas higher than 1.50. While this set of data
should provide better results than the ones with daily frequencies, the data is skewed
towards the returns of low beta stocks, which will affect the results of the two-tailed t-
test.
4.3.3 Selected stocks for the monthly frequency
Table 14: The selected stocks from the S&P 100, DAX, FTSE 100, OMX Helsinki 25 and Nikkei
225, and their monthly average returns and betas for the control period.
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While the daily frequency data was heavily skewed towards low betas, the opposite
happens with monthly data. In fact, the data set is even more concentrated towards
one side, high beta, then the daily data. Out of the 32 companies only three had a low
beta during the control period with a monthly frequency. This means that the results of
the two-tailed t-test will be significantly skewed towards the returns of the high beta
stocks.
Table 15: The selected stocks from the S&P 100, DAX, FTSE 100, OMX Helsinki 25 and Nikkei
225, and their monthly average returns and betas for the pandemic period.
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Similarly, to Table 14, Table 15 also has a heavily skewed set of data. Indeed, out of
the six sets of selected stocks, the monthly data for the pandemic period has the worst
ratio between high and low beta stocks. Out of the 20 stocks, only one has a low beta.
These results provide a clear signal that weekly data is the most even when it comes
to the ratio of low beta and high beta stocks.
4.4 Examination of the statistical difference between high and low beta stocks
After calculating the estimated returns for the individual stocks and the selected indices
for the daily, weekly, and monthly frequencies, and using those estimations to calculate
the estimated betas using regression analysis, the author was able to determine stocks
that had statistically significant betas of 1.50 or higher, or 0.80 or lower. The selected
companies and their daily, weekly, and monthly estimated returns were divided into
groups of high and low beta stocks. These two groups were compared by running a
two-tailed t-test assuming unequal variances on the returns in order to determine if
there is a significant difference between the two groups. Assuming that the CAPM is
valid, the returns of high beta stocks and low beta stocks should be significantly
different.
The following table provides the results of the six tests that were done, including the t-
stat, as well as the t critical one tail.
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Table 16: Results of the two-tailed t-tests
Out of the six tests, only one provided statistically significant results at a 5% confidence
level. The two-tailed t-test examining the weekly frequency data during the control
period provided results where the t-stat had a higher absolute value than the one tail
critical, making it statistically significant. However, notably, the t-stat is negative. The
other control period tests were not statistically significant; however, they share the
same negative t-stat characteristic with the weekly data.
The weekly data during the pandemic period, however, had a positive t-stat.
Nonetheless, as the data set did not have an even number of high and low beta stocks,
the result is statistically insignificant at a 5% confidence level. Furthermore, due to the
highly imbalanced ratio of high and low beta stocks for the monthly frequency during
the pandemic, no usable data was gained.
As such, the author is unable to reject the null hypothesis of hypotheses H1, H2, H3,
H4, H5, and H6.
4.5 Discussion
This research paper investigated the validity of the Capital Asset Pricing Model under
rare market conditions, in this case, the Covid-19 pandemic. This was achieved by
comparing two periods, the control period between March 1st, 2019 and December
31st, 2019, and the pandemic period between March 1st, 2020 and December 31st,
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2020. Within both these periods the selected stocks from the S&P 100, DAX, FTSE
100, OMX Helsinki 25, and Nikkei 225 were divided into high beta and low beta stocks.
In order to determine the validity of the CAPM, the two groups of stocks were subjected
to a two-tailed t-test assuming unequal variances. Based on the results of those tests,
as well as the results of previous studies, the author is able to explore the implications
of the findings. The following part aims to discuss those implications.
Most notably, the research has been unable to reject all six null hypotheses at the 5%
level of significance. As a conclusion, the research can claim that there is little proof of
the validity of the CAPM in either the control period or the pandemic period. While the
weekly data for the control period does provide evidence for a significant difference in
the returns of high and low beta stocks, the negative t-stat value, and a higher mean
return for low beta stocks, signals that low beta stocks outperformed high beta stocks.
Furthermore, the research can also claim that there is no significant difference between
the returns of high and low beta stocks in the pandemic period, and that, within the
control period, the negative t-stats could be explained by the higher mean returns that
the low beta stocks experienced. This means that under normal bullish markets, the
CAPM is not valid. This result further supports the findings of previous studies, such
as Fama and French (1992), Banz (1981) and Dajcman, Festic and Kavkler (2013),
into the validity of the CAPM in both developed and developing markets. In addition,
the findings support those of Fatnassi and Hasnaoui (2014) and Curran and Velic
(2020). Both of these studies found evidence for an inverse relationship between risk
and return during periods of high volatility caused by a financial market crisis.
However, it should also be noted that at the weekly frequency during the pandemic
period, the results suggested that there might be some support for the CAPM. While
the findings were statistically insignificant, there was a difference between the returns
of high and low beta stocks that suggested that high beta stocks might experience
significantly higher returns during unusual market conditions, such as the ones
presented by the Covid-19 pandemic. Since the mean return of high beta stocks was
higher than that of low beta stocks, and the t-stat was positive, a larger data set might
yield statistically significant results that support the validity of the CAPM during the
Covid-19 pandemic.
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Nevertheless, the findings and results of this study are affected by many factors. Such
as the selection of markets, selection of stocks, and the selected time periods.
Changing any of the factors could lead to different results and an increase in sample
size could lead into more statistically significant results. As such, these findings stand
true only when using the same processes and the same data.
5. CONCLUSIONS
This final chapter of the thesis will conclude the research with the main findings. It will
also present the implications for international business, as well as discuss the
limitations of the study and provide suggestions for further research into the topic.
5.1 Main findings
This thesis is unable to reject the six null hypotheses and finds that the Capital Asset
Pricing Model is not valid during normal market conditions, nor during extreme market
conditions such as the ones presented by the Covid-19 pandemic, by testing for a
significant difference between the returns of high beta and low beta stocks. The six
null hypotheses could not be rejected at a 5% level of significance. Therefore, the
research concludes by stating that the CAPM is not valid in the S&P 100, DAX, FTSE
100, OMX Helsinki 25 and Nikkei 225 in the periods between March 1st, 2019 and
December 31st, 2019, and March 1st, 2020 and December 31st, 2020.
5.2 Implications for International Business
Investing overseas has become more and more common. Foreign investments can
provide higher returns while also acting as geographical diversification. As such, it is
important for professional, and retail investors alike, to be aware of the validity of
financial asset pricing models, such as the CAPM. These models provide a means of
evaluating companies and estimating returns by simplifying the process into a single
formula. Especially in the case of the CAPM, which has gained significant popularity
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due to its simplicity, it is important that investors are aware of the validity of such a
model. Since overseas investing has increased, extending the testing of the validity of
these models into foreign markets is becoming increasingly important. As market
conditions change and the companies in them evolve, it remains essential that the
validity of models such as the CAPM is regularly tested both for domestic markets, as
well as foreign ones.
5.3 Limitations and suggestions for further research
In order to ensure that the reader fully understands the significance and impact of the
results presented in this thesis, the following section will be dedicated to addressing
the limitations of the research. Furthermore, a section for suggestions for future
research will be presented in order to help achieve more significant results in the
upcoming studies into the topic.
The most notable limitation is the number of stocks in the sample. 100 stocks were
selected in total, with only 20 selected from each index and market. Future research
could increase the sample size into 480 by including all stocks from the selected
indices. Furthermore, the sample size could be increased to 991 by changing the S&P
100 to the S&P 500 and the OMX Helsinki 25 to the OMX Helsinki PI. The sample size
could also be increased by including a larger selection of indices. In regard to the
methodology when selecting data, the research used only stocks that had statistically
significant betas of 1.50 or higher, or 0.80 or lower. With a larger sample size, the
number of stocks that fit the criteria would be higher and thus the two-tailed t-test would
likely produce more balanced and significant results. Furthermore, the scope of the
time periods could be extended in the future. This study used the same time period in
both the control and pandemic period in order to reduce the effect of market anomalies
that are based on time of year. However, as the pandemic extends further into the
future, both the control period and the pandemic period could be extended. Because
of the current limitation to the length of data available from the pandemic, the study
fails to represent a broader view of the market in the long run. Accordingly, future
studies into the topic should attempt to use longer time periods where possible.
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Another limitation of the study is its narrow focus. The research examined only the
difference in returns between high and low beta stocks, and the significance of it. While
the CAPM does assume that there should be a significant difference between the
returns of high and low beta stocks, in order to compensate for the higher degree of
risk that high beta stocks carry, there are other aspects of the CAPM that could be
examined. Future studies could expand on the findings of this study and examine other
aspects of the model in order to reach more conclusive results.
Finally, a significant limitation for this study is its scope. Due to the time limitations, a
larger selection of stocks and indices, as well as a more comprehensive test of all the
aspects of the CAPM, was unobtainable. Expanding the sample size, the time periods
studied, as well as the number of tests done, would have a meaningful impact on the
results. As such, future research into the topic should, if possible, spend more time
gathering a larger set of data. Furthermore, future researchers can also use a wider
variety of statistical tools and methods, in order to gain a more comprehensive and
meaningful set of results.
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APPENDICES
Appendix 1: Testing the relationship between daily returns of high and low beta stocks.
a. Control period: March 1st, 2019 – December 31st, 2019.
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b. Pandemic period: March 1st, 2020 – December 31st, 2020.
Appendix 2: Testing the relationship between weekly returns of high and low beta
stocks.
a. Control period: March 1st, 2019 – December 31st, 2019.
b. Pandemic period: March 1st, 2020 – December 31st, 2020.
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Appendix 3: Testing the relationship between weekly returns of high and low beta
stocks.
a. Control period: March 1st, 2019 – December 31st, 2019.
b. Pandemic period: March 1st, 2020 – December 31st, 2020.
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